Background: High-intensity focused ultrasound (HIFU) is a noninvasive thermodestructive procedure targeting internal organs with concentrated sonification energy that may cause pain. We aimed to compare the effectiveness of epidural analgesia (EA) and monitored anesthesia care (MAC) in HIFU treatment of uterine adenomyosis. Materials and Methods: Sixty-eight patients were included in this case-control study. Thirty-seven patients underwent MAC; 31 patients underwent fluoroscope-guided epidural analgesia. The primary outcome was a frequency of patients reporting severe or very severe intraoperative pain. Secondary outcomes were differences in dosages of analgesics, ablation ratio, and other clinical factors. Results: The EA group reported a significantly lower frequency of severe or very severe intraoperative pain than did the MAC group (41.9% vs. 75.7%; p ¼ .006). Consumption of remifentanil during treatment was significantly lower in the EA group (173 ± 189 mg vs. 426 ± 380 mg; p ¼ .001), as was the use of fentanyl in the recovery room (52 ± 38 mg vs. 75 ± 44 mg; p ¼ .030). Multivariable analysis revealed EA to be the largest contributing factor to increased nonperfused volume ratio (B ¼ 0.41; 95% confidence interval ¼ 0.29 to 0.53; p < .001). The frequency of thermal injury after HIFU was significantly lower in the EA group (22.6% vs. 54.1%; p ¼ .008). Conclusions: EA during HIFU treatment of uterine adenomyosis improved quality of pain control and ablation ratio over MAC without increasing risk of treatment-related complications. EA also reduced consumption of opioid analgesics during and after HIFU treatment.
Introduction
High-intensity focused ultrasound (HIFU) treatment is a noninvasive, radiation-free transcutaneous or transrectal thermodestructive procedure targeting internal tumors and lesions with concentrated ultrasound wave energy [1] . HIFU treatment has several advantages for indicative cancer patients; it is less invasive than are surgical procedures, thereby permitting one-day intervention, and it avoids adverse reactions caused by chemotherapy or radiation therapy [2] . Since the concept of HIFU was first described in the early 1940s, ultrasound-guided HIFU (USgHIFU) and magnetic resonanceguided HIFU (MRgHIFU) have been widely used to focus thermal energy on target structures over the last decades [1] . MRgHIFU has several benefits, including precise identification of the target, temperature measurement using a magnetic resonance (MR) thermometer, and evaluation of the treatment process in real time [3, 4] . MRgHIFU or MR-combined USgHIFU have been clinically approved for treatment of uterine fibroids [5] , prostate cancer [6] , bone metastases [7] , and essential tremor [8] , and they are under investigation for treating various type of cancers [9, 10] and brain lesions [11] .
HIFU treatment is usually painful because of localized tissue heating, and it is time-consuming. Parenteral opioid analgesia is required during the procedure and may be continued into the postprocedural period as required. Therefore, an appropriate analgesic plan is imperative for patient tolerability and precise target ablation during the procedure, and for perioperative pain control [12] . Use of HIFU for treatment of intraabdominal organs such as the liver, pancreas, and kidney requires general anesthesia or spinal anesthesia to control both visceral and somatic pain; ablation of uterine adenomyosis is less invasive, so monitored anesthesia care (MAC) or sedation have been utilized [12, 13] . However, it is sometimes difficult to maintain a balance between pain control and spontaneous respiration during sedation. Moreover, patients under sedation may show disinhibited behavior or loss of cooperation, which could result in serious complications during HIFU treatment [14] .
Inability to self-report serious discomfort during deep sedation is another concern with HIFU.
Epidural analgesia (EA) is one of the best analgesic modalities for several types of surgery [15, 16] . It facilitates early recovery by reducing use of general anesthetics, stabilizes perioperative vital signs, and reduces postoperative complications [17] . For major abdominal surgery, thoracic EA provides better pain relief, mental status, and bowel activity than does intravenous analgesia [18] . Although there may be individual variability in epidural spreading pattern of the injectates [19] , EA at the low thoracic spine provides consistent blockade of both somatic and visceral pain without risk of unintentional blockade of the sciatic nerve [20] . To the best of our knowledge, however, the safety and effectiveness of EA in HIFU treatment have not been examined.
In this study, EA was introduced in the middle of the study period following the radiologist's request for improved perioperative pain management in ablation of uterine adenomyosis. We hypothesized that EA would provide effective pain control during and after HIFU treatment, possibly resulting in lower pain intensity during HIFU treatment than that observed with intravenous injection of analgesics. Therefore, the aim of our study was to investigate the effectiveness of fluoroscopy-guided, sciatic nerve-sparing EA, followed by patient-controlled EA (PCEA) for HIFU treatment of uterine adenomyosis.
Materials and methods

Patients
This retrospective case-control study was approved by the Institutional Review Board of Seoul National University Hospital (No. 1802-115-924). In this study, we reviewed medical charts of 70 patients who participated in a prospective clinical trial of a USgHIFU system (ALPIUS 900, Alpinion Medical Systems Co., Ltd. Seoul, South Korea) combined with magnetic resonance imaging (MRI) to treat adenomyosis. MAC was supplied by a nurse anesthetist under supervision of the attending radiologist using intravenous opioids and benzodiazepine for the first 39 participants between 14 January 2016, and 8 December 2016 (MAC group). Participants 40-70 received EA combined with MAC during the procedure, followed by PCEA between 29 December 2016, and 31 August 2017 (EA group). Inclusion and exclusion criteria for HIFU treatment of uterine adenomyosis in the original prospective study are described in Table 1 . In this case-control study, we excluded subjects who did not complete the prospective HIFU study and participants who underwent the HIFU treatment with an aberrant analgesic protocol.
Among 70 participants who underwent the HIFU study, two patients were excluded: one for withdrawing consent and one for a deviant epidural analgesic protocol. Therefore, 68 patients were included in this study. The EA group consisted of 31 patients (screening numbers 40-70), while the MAC group consisted of 37 patients (screening numbers 1-39).
Epidural catheterization in the EA group
After obtaining written consent from each patient, a venous route was accessed, and Hartmann's solution was administered at a rate of 100 ml/h, or as appropriate. During the procedure and postoperative observation in the recovery room, real-time 4-limb lead electrocardiogram, pulse oximetry, and automated noninvasive blood pressure monitoring were performed continuously. The patient was placed on a fluoroscopy table in a prone position. A cushion was placed beneath the patient's abdomen to maintain neutral lumbar curvature. All procedures were performed by two anesthesiologists with over 6 years of experience. The skin was Table 1 . Inclusion and exclusion criteria for HIFU treatment of adenomyosis. Inclusion criteria 1. Adult women over 20 years old 2. Before or during the menopause (follicle-stimulating hormone <40 mIU/mL) 3. Uterine adenomyosis was clinically diagnosed with MR or US evaluation. 4. Dysmenorrhea score !4/5 (a great deal symptom) 5. No other treatment on the adenomyosis within 3 months before the HIFU treatment (Hormonal treatment cessation during more than 5 times of the drug half-life even within 3 months) 6. Voluntary agreement on the clinical trial and willing to obey the trial plan. 7. Agreement on the medically-permitted contraception if the participant is fertile. sterilized with betadine solution and then draped. Using a Carm fluoroscope, the T11-12 interlaminar space was identified. After local infiltration with 1% lidocaine, a 17-gauge Tuohy needle (Perican V R , B. Braun Melsungen AG, Germany) was advanced from the entry point on the L1 upper pedicle into the interlaminar space at a 45-degree angle against the skin. The epidural space was detected using a loss-of-resistance technique and confirmed with iopamidol contrast medum (Iopamiro 300; Bracco, Milan, Italy). Next, an 18gauge closed-end epidural catheter with three lateral orifices (Portex; Smiths Medical, Hranice, Czech) combined with a custom metal guidewire was advanced through the epidural needle, and the tip was placed in the sagittal midline and the upper endplate of the T10 vertebral body. After the guidewire was withdrawn, 3 ml of contrast medium was administered to confirm the spread of injectate into the bilateral T9-12 epidural space and to exclude subdural spreading or vascular uptake ( Figure 1 ). Subcutaneous tunneling was then performed to prevent bacterial infection of the epidural catheter. Afterward, the patient was moved to the HIFU intervention room.
Analgesic care during and after the HIFU treatment
Routine monitoring, including electrocardiography, noninvasive arterial pressure monitoring, pulse oximetry, and capnography, was performed in all patients. Mean arterial pressure, respiratory rate, and heart rate were measured every 3 min; peripheral oxygen saturation (SpO 2 ) and endtidal CO 2 concentration (ET CO2 ) were monitored continuously. Oxygen was supplied at 5 L/min via a facemask. No premedication was administered to either group.
In the MAC group, intravenous remifentanil was administered with target-controlled infusion to a target site concentration of 3 ng/mL (Injectomat TIVA Agilia; Fresenius Kabi GmbH, Graz, Austria) in accordance with patient discomfort. In the EA group, 6 ml of 0.5% ropivacaine was administered epidurally prior to HIFU treatment to achieve spinal sensory block at the level of T9-12. Preservation of sensation at the lumbar and lumbosacral plexus was assessed with alcohol swab in both lower extremities and if muscle power in both hip flexors was assessed as ! grade 4 (movement against external resistance with less strength than usual) or 5 (normal strength) [21] . An additional 4 ml of ropivacaine was administered every 1 h if the procedure took more than 2 h. When the patient complained of insufficient analgesia despite epidural sensory block, intravenous remifentanil was administered with targetcontrolled infusion to a target site concentration of 3 ng/mL. Intravenous midazolam was administered with a bolus dose of 1-2 mg when patients in either group asked to be sedated because of pain or anxiety. At the end of HIFU treatment, fentanyl 20 mg was injected in the operating room if the patient complained of moderate to severe pain.
After immediate postoperative MRI for approximately 45 min, all patients were observed in the recovery room for at least 60 min. If a patient still had pain of more than moderate severity, fentanyl was incrementally injected up to 100 mg in accordance with the patient's discomfort. In the EA group, a PCEA device (Automed 3200; Ace Medical Co. Ltd., Seoul, South Korea) was connected using 0.125% ropivacaine 4 ml/h (bolus, 2 ml; lockout time, 30 min; and total volume, 250 ml) via the epidural catheter. After confirming stable vital signs and alert mental status without acute severe complications at 1 h in the recovery room, participants who exhibited a satisfactory modified Aldrete score [22] !9 were discharged.
Acetaminophen, nonsteroidal anti-inflammatory drugs (NSAIDs), and other combination analgesics (except for strong opioids) were allowed as rescue analgesics in both groups. In the EA group, participants went home with their PCEA device and were instructed to use bolus delivery prior to taking oral analgesics when they required additional analgesia. Patients revisited the hospital to remove their epidural catheters at 3 d (i.e., if the HIFU treatment was performed on a Thursday, removal of the epidural catheter was performed on Saturday; if the HIFU treatment was conducted on Friday, the epidural catheter was removed the following Monday because the clinic was closed on Sunday).
Outcomes and safety
The primary outcome was the frequency of patients reporting severe or very severe intraoperative pain (4 or 5) as evaluated on a self-reported 6-point scale ranging from 0 (no pain) to 5 (very severe pain) at discharge on the day of the procedure.
Secondary outcomes included differences in dosages of intraoperative remifentanil and postprocedural fentanyl between the groups. The nonperfused volume (NPV) ratio was evaluated to assess the effectiveness of the HIFU procedure; NPV is a ratio of the volume of ablated adenomyosis to the initial volume on contrast-enhanced T1-weighted MR imaging [23, 24] . The NPV is considered a predictor of longterm symptom relief, and ratio close to 1 suggests near complete ablation of the target lesion. Other clinical factors, including procedure time, abdominal wall thickness, volume of adenomyosis, scarring in the lower abdomen, and location of adenomyosis, were also investigated [25] . The enhancement type of adenomyosis on T1-weighted imaging and the location of adenomyosis in the uterus were not considered because of their homogenous characteristics. Postprocedural pain intensity was assessed for 5 d over the phone, using a 4-point Likert scale ranging from 0 (no pain) to 3 (severe pain) as follows: 0 (none), no discomfort; 1 (mild), minimal discomfort without limitation of daily activity; 2 (moderate) discomfort with significant limitation of daily activity; and 3 (severe) significant discomfort caused impossibility of daily activity [26] . In addition, the use of rescue analgesics was evaluated.
For the safety assessment, all adverse events during and immediately following the HIFU treatment were observed, including nausea/vomiting, tingling sensation in the lower extremities, voiding difficulty, itching sensation, dizziness, headache, shivering, and abnormal blood pressure. In addition, intraprocedural and postprocedural usages of medications to deal with those adverse events were monitored. Thermal injury to adjacent structures or any complications possibly related to the HIFU or EA procedures were evaluated using a 4-point Likert scale with values ranging from 0 to 3 as reported in telephone interviews over a period of 5 d. Routine follow-up of all participants was conducted at 1month and 3-month visits.
Statistical analysis
Depending on the data distribution, independent t-tests or Wilcoxon rank-sum tests were performed to compare two independent groups. Pearson's v 2 test or Fischer's exact test was used to analyze categorical or ordinal data. For continuous variables, the normality distribution was assessed with the Kolmogorov-Smirnov test, and an independent t-test was used to compare the normally distributed variables. Mann-Whitney U test was used to compare continuous variables that deviated from a normal distribution. Multivariable linear regression analysis with stepwise selection was conducted to assess the impact of EA and other covariates on the NPV ratio to determine the effectiveness of the HIFU procedure. Clinical factors with p values < .2 in univariable analysis were considered in the regression model. Statistical analyses were performed using SPSS version 23 for Windows (IBM Corp., Armonk, NY, USA). Data are reported as mean-± standard deviation, median [first interquartile, third interquartile], or number (%) of patients. All p values presented are two-tailed, and p values < .05 were considered to indicate statistical significance.
Results
Patient characteristics
Demographic characteristics and procedure-related variables in both groups are presented in Table 2 . There were no differences in demographics or in preexisting conditions associated with the NPV ratio, including abdominal wall thickness, location of adenomyosis, or volume of adenomyosis, with the exception of preexisting postoperative scarring in the lower abdomen (p ¼ .014).
Effectiveness of EA
The frequency of patients reporting severe or very severe intraoperative pain-the primary outcome-was significantly lower in the EA group than in the MAC group [41.9% (n ¼ 13) vs. 75.7% (n ¼ 28); p ¼ .006]. Patient's reports of pain levels are detailed in Figure 2 . In addition, the percentage of patients suffering from moderate pain or more severe pain was also significantly lower in the EA group than in the MAC group [71.0% (n ¼ 22) versus 94.6% (n ¼ 35); p ¼ .017].
In terms of secondary outcomes, the total dosages of intraoperative remifentanil and postoperative fentanyl administered were significantly lower in than EA group than in the MAC group. Consumption of remifentanil was significantly lower in the EA group than in the MAC group during treatment (173 ± 189 mg versus 426 ± 380 mg; p ¼ .001), and use of fentanyl in the recovery room was significantly lower in the EA group than in the MAC group (52 ± 38 mg versus 75 ± 44 mg; p ¼ .030) ( Table 3 ). There were no patients in the EA group who needed midazolam; conversely, six patients (16.2%) in the MAC group required midazolam injection (p ¼ .028). Nonetheless, the NPV ratio was significantly higher in the EA group than in the MAC group (0.87 ± 0.18 versus 0.43 ± 0.32; p < .001). The incidence of any postprocedural pain or discomfort as reported at a 5-d follow-up phone call was much lower in the EA group than in the MAC group [38.7% (n ¼ 12) versus 64.9% (n ¼ 24); p ¼ .031). The percentage of patients who took rescue analgesics such as acetaminophen, tramadol, NSAIDs, and/or codeine was lower in the EA group than in the MAC group but was not statistically significant (19.4% versus 35.1%; p ¼ .149). Multivariable linear regression analysis was used to assess the correlation between clinical variables and the NPV ratio. EA was found to contribute to an improvement in NPV ratio [B ¼ 0.41; 95% confidence interval (CI) ¼ 0.29 to 0.53; p < .001] (Table 4 ). Conversely, the anteroposterior location of adenomyosis decreased the NPV ratio (B ¼ À0.22; 95% CI ¼ À0.38 to À0.07; p ¼ .006) in comparison with the anterior location of adenomyosis. The NPV ratio increased by 0.08 with each 100 cm 2 of adenomyosis volume increase (95% CI ¼ 0.03 to 0.14; p ¼ .002).
Safety profile
Pre-, intra-, and postoperative adverse events are presented in Table 5 . Tingling sensation in the lower extremities was reported by only one-third of the EA group (10/31) after the bolus injection of local anesthetics into the epidural space. All occurrences were limited to the anterior thighs, without any sensory blockade. No new intraoperative tingling sensation was reported in the EA group, whereas three patients (8.1%) in the MAC group reported it. Among those who complained of tingling sensations, two patients in each group were discharged with improved but lingering symptoms that completely resolved within a few days. The frequency of intraoperative nausea/vomiting during HIFU treatment was not different between groups (29.0% versus 37.8%; p ¼ .445); however, administration of antiemetics such as dexamethasone during the HIFU treatment and 5-HT 3 antagonists in the recovery room was more frequent in the MAC group than in the EA group (0.0% versus 37.8%; p < .001 and 25.8% versus 62.2%; p ¼ .003, respectively). In the recovery room, the sensation of urinary retention occurred only in the EA group (22.6%); however, the condition spontaneously resolved in all patients before discharge. Disconnection or pump failure (n ¼ 2) and local inflammation at the catheter insertion site (n ¼ 1) were reported in the EA group after discharge. However, all adverse events were mild and transient and had disappeared at the 5-d follow-up phone call. Thermal injury associated with the HIFU treatment was observed in both groups, but it was more frequent in the MAC group (54.1%) than in the EA group (22.6%) (p ¼ .008). One severe complication occurred in the MAC group: a case of proctitis with focal mucosal wall defect confirmed by sigmoidoscopy that required hospitalization and conservative management for 7 d. Three moderate complications in the MAC group were one case of intensive coccygeal pain and two cases with of second-degree skin burn on the rectus abdominis muscle. All these moderate adverse events were improved by conservative treatment within 8 weeks. In the EA group, one severe complication and one moderate complication were reported as thermal injury. The severe complication was left gluteal burn despite sensory preservation in the pericoccygeal area (S2-4 dermatome) during HIFU treatment; only pain and redness were present at discharge, but distress was clearly noted at the 5-d follow-up phone call and local flap surgery performed by a plastic surgeon was required a month following HIFU treatment. The moderate complication was unilateral lumbosacral plexus injury confirmed electromyography/nerve conduction velocity test; the condition was alleviated with gabapentin up to 1800 mg daily for 6 months after the procedure.
Discussion
In this study, the EA group reported a significantly lower frequency of severe or very severe pain intensity in association Stepwise selection was conducted to remain significant variables (p values < .05). B: non-standardized coefficient; b: standardized coefficient; NPV: non-perfused volume. with the HIFU treatment of uterine adenomyosis than did the MAC group (41.9% in the EA group versus 75.7% in the MAC group; p ¼ .006). The total dosages of intraoperative remifentanil and postoperative fentanyl administered were significantly lower in the EA group than in the MAC group (p ¼ .001 and .030, respectively). Moreover, there was no use of midazolam in the EA group during HIFU treatment, as opposed to 16.2% (6/37) of patients in the MAC group requiring midazolam injection. When we analyzed variables using multivariable analysis, EA was the largest contributing factor to increased ablation ratio. Although adverse events related to EA occurred in some patients, they were mild and transient. The frequency of thermal injury after HIFU treatment was higher in the MAC group (54.1%) than in the EA group (22.6%).
Although HIFU treatment of uterine adenomyosis may be less invasive than treatment of other intraabdominal organs, it still requires appropriate control of both visceral and somatic pain in addition to the administration of sedatives. The MAC procedure that utilized remifentanil, fentanyl, midazolam, and a combination of antiemetics may be more popular than EA in the HIFU treatment of uterine adenomyosis [27] . However, intravenous infusion of remifentanil could not satisfactorily eliminate nociceptive pain such as somatic pain in the abdominal wall or visceral pain originating from the parietal peritoneum during HIFU treatment [28] . Furthermore, remifentanil suspension may cause immediate rebound hyperalgesia after the treatment [29] . Bilateral transversus abdominis plane block has been suggested to manage postoperative pain caused by abdominal surgery [30, 31] , but it is not sufficient to relieve intraoperative pain. In this study, EA provided consistent intraand postoperative analgesia for HIFU treatment of uterine adenomyosis. Analgesia to nociception from the abdominal wall and sympathetic stimulus from visceral organs was effectively achieved through epidural catheterization and intermittent additional administration of local anesthetics through the catheter. Use of the EA procedure led to decreased consumption of opioids and sedatives during both surgery and recovery. Although further study is warranted, EA is expected to achieve similar pain control in more invasive HIFU procedures on intraabdominal organs treating the liver, pancreas, and kidney, or uterine fibroids.
Another remarkable finding in this study was a strong correlation between the EA and the NPV ratio. Previous studies have suggested that an increase in NPV ratio results in improvement of long-term symptom relief in the HIFU treatment of adenomyosis [23, 24] . It was assumed that reduction of pain under EA may lead to a higher NPV ratio in HIFU treatment, possibly resulting in a successful outcome. When considering other factors that could not be externally adjusted in the multivariable analysis, such as age, abdominal wall thickness, scarring in lower abdomen, and volume or location of adenomyosis, EA was the only factor shown to improve the outcome of HIFU treatment. Therefore, EA may be considered an appropriate analgesic procedure to achieve excellent procedural outcomes when performed safely by an experienced pain physician.
In accordance with a recent study, abdominal wall thickness, enhancement type on T1-weighted sequence, and the number of hyperintense points were negatively correlated with the NPV ratio. In addition, the smallest NPV ratio was seen in diffuse adenomyosis (both anterior wall and posterior wall of the uterus) rather than at the anterior wall, posterior wall, or fundus. A positive correlation between the volume of adenomyosis and the NPV ratio was reported. In our multivariable linear regression, volume of adenomyosis had a positive correlation, and anteroposterior location had a negative correlation, which concurred with the previous report [25] . However, abdominal wall thickness was not related to the NPV ratio in this study. We considered that a limited distribution of abdominal wall thicknesses among our participants may have minimized the impact of abdominal wall thickness on the NPV ratio.
Thermal injury can be one of the most serious complications associated with HIFU treatment. There was one severe case of thermal injury in each group in this study; the case in the EA group required a surgical flap procedure to treat her gluteal lesion. Ironically, there had been no self-reported discomfort during the procedure for either group; all thermal injuries were detected after discharge. According to Dewhirst et al., local temperature >49 C may cause skin necrosis in 10-20 min sonification time [32] . However, the thermal threshold is known to be variable in normal tissue, and gradual temperature increases may not be detected until substantial skin defect occurs [33] . Furthermore, the compressed region-in particular, the gluteal area-may be relatively vulnerable to heat accumulation during HIFU treatment, [34] . Accordingly, rigorous temperature monitoring and sufficient cooling time may be critical to avoiding severe thermal injury during HIFU treatment.
The major risks of epidural catheterization are epidural hematoma and abscess, but the risks are extremely low when there is no comorbidity [35, 36] . In this study, the most common adverse event reported by patients in the EA group was tingling sensation in the lower extremities, followed by intraprocedural nausea and postprocedural urinary retention. However, these complications were mild and transient, and no participants required early catheter removal due to any serious adverse events. A particular concern with EA during the HIFU treatment may be the possibility of delayed awareness of thermal injury to adjacent structures. However, the frequency of thermal injury was higher in the MAC group than in the EA group. Furthermore, there were only two moderate-to-severe thermal injuries in the EA group, both of which occurred in unanesthetized areas. Therefore, we consider that, when an appropriate protocol is employed, EA may not significantly increase complications during HIFU treatment.
Another point to be addressed in continuous EA with catheter insertion and MRI scan is the iatrogenic risk associated with MRI compatibility of the catheters [37] . In contrast to classical catheters made of nylon, which were used in this study, or polyether block amide, a number of new catheters are magnetic with coil-reinforcement, which can lead to significant catheter displacement under the magnetic field of an MRI scanner. Furthermore, even if a few coil-reinforced catheters are not associated with magnetic displacement, hazardous temperature increases at the entry point may occur under a 3-T magnetic field [37] . This would cause a cutaneous burn at the catheter entry site and/or along the subcutaneous tunneling track. Therefore, physicians must rigorously assure the MRI compatibility of catheters before performing EA prior to MRI scanning.
Limitations of this study include its nonrandomized, retrospective case-control design, which may have been affected by characteristic confounders that include bias and variability in the quality of available information. Otherwise, there are several issues that should be more discussed as drawbacks. First, the two cohorts in the study were sequential and timebased, which may be the major confounding factor (patients in the MAC group underwent the procedure between January 14, 2016, and December 8, 2016, while patients in the EA group underwent the procedure between December 29, 2016, and August 31, 2017). Although there were no differences in demographics or initial clinical variables, with the exception of preexisting postoperative scarring in the lower abdomen, progression on the learning curve by the radiologist over the study period would be another limitation. However, there was no correlation between the passage of time and the NPV ratio between the two groups as determined by scatterplot (Supplement 1). Second, higher prevalence of preexisting postoperative scarring in the lower abdomen may have been associated with increased analgesic needs in the MAC group. It has been reported that preexisting abdominal scarring may contribute to skin burns, followed by procedural pain during HIFU treatment [38] . Although no significant correlation was found between preexisting scarring and pain (Spearman's q ¼ .028, p ¼ .822) in this study, preexisting scarring might have contributed to the higher frequency of procedural pain in the MAC group. Finally, unless it is performed by a pain specialist, EA may present technical or economic burdens to physicians and patients. In addition, discharge with PCEA requires additional attention, and there are concerns related to device failure or disconnection of the catheter, and a return visit is needed for removal. Since only a limited number of patients in the EA group (6/31, 19 .4%) needed rescue analgesics after discharge, it may be that the epidural catheter could be removed upon procedure termination, and oral analgesics could be used to control pain. This would obviate the burden of maintaining an epidural catheter at home and the need for a return visit to accomplish removal.
In conclusion, this study showed that EA reduced pain and reduced analgesic requirements during HIFU treatment of adenomyosis from levels observed with MAC. Furthermore, PCEA effectively reduced postprocedural pain. EA also increased NPV and reduced the frequency of thermal injury after HIFU. EA caused minor adverse events, but they were mild and transient. Based on our investigation, EA may be considered an effective analgesic option in HIFU treatment of adenomyosis.
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